Introduction
Member 1 of human solute carrier (SLC) family 10 (sodium/bile acid cotransporters), SLC10A1 (NTCP1), is these transporters have 11 (SLC22A4) or 12 (SLC22A1, SLC22A2, and SLC22A5) TMDs, and each has a large extracellular loop carrying potential N-glycosylation sites (Tamai et al. 1997; Burckhardt and Wolff 2000) . Conserved amino acid motifs reveal a relationship to the sugar transport-facilitator family of molecules (Burckhardt and Wolff 2000) .
To investigate in more detail the nature of apparent genotype/phenotype correlations for some SLCs, we began by searching for additional single-nucleotide polymorphisms (SNPs) in the six genes encoding the transporters described above, including their promoter regions and introns except for repetitive elements, and report here a total of 238 genetic variations, of which 129 have not been reported before.
Subjects and methods
Total genomic DNAs were isolated from peripheral leukocytes of 48 unrelated Japanese individuals by the standard phenol/chloroform extraction method, after informed consent was obtained from each participant. On the basis of sequence information from GenBank we designed polymerase chain reaction (PCR) primers to amplify DNA fragments from all six SLC genes, excluding repetitive elements, by invoking the REPEAT MASKER computer program (http://ftp.genome.washington.edu/cgi-bin/ RepeatMasker). PCR experiments and DNA sequencing were performed according to methods described previously Saito et al. 2001; Sekine et al. 2001 ). All SNPs detected by the PolyPhred computer program (Nickerson et al. 1997) were confirmed by sequencing both strands of each PCR product.
Results
Exon-intron boundaries were defined by comparison of genomic sequences with cDNA sequences; all accession numbers are listed in Table 1 . We screened 96 Japanese chromosomes for SNPs in these SLC genes by means of direct DNA sequencing.
Subsequent resequencing of a total of about 109 kb of genomic DNA (13.2 kb for the SLC10A1 gene, 23 kb for SLC15A1, 17 kb for SLC22A1, 13.4 kb for SLC22A2, 22.9 kb for SLC22A4, and 19 kb for SLC22A5) identified 213 SNPs and 25 insertion/deletion polymorphisms (Table  2 ). Figure 1a -f illustrates the location of each variation we found; detailed information on nucleotide positions and substitutions is summarized in Table 3a -f. On average, we identified 1 SNP in every 509 nucleotides. Of the 238 genetic variations identified in our screening (including insertion/ deletion polymorphisms), 129 (54%) were not reported previously.
Among the 213 SNPs mapped in our experiments, 8 were located in 5Ј flanking regions, 172 in introns, 25 in exons, and 8 in 3Ј flanking regions (Table 4) . Among the 25 SNPs detected in exons, 1 was located in a 5ЈUTR, 18 were in coding regions, and 6 were in 3ЈUTRs. Ten of the 18 SNPs detected in the coding regions would cause substitution of amino acids and 4 of those had not been reported before (Gly419Ala in SLC15A1, Pro283Leu and Arg287Gly in SLC22A1, and Gly462Glu in SLC22A4) ( Table 5) . (Shiao et al. 2000) . Although mutations at the C/EBP sites markedly reduce transcriptional activity (Shiao et al. 2000) , we found no variations in this region in our test population. Among the four novel nonsynonymous polymorphisms, one, Gly419Ala in SLC15A1, was located in the large extracellular loop that carries potential N-glycosylation sites (Liang et al. 1995; Covitz et al. 1998 ). On the other hand, two polymorphisms in SLC22A1, Pro283Leu and Arg287Gly, were located in the intracellular loop that carries potential phosphorylation sites for protein kinase C (Zhang et al. 1997) . The fourth, Gly462Glu, was located in a TMD of SLC22A4. Any of these four polymorphisms could have phenotypic consequences.
Comparison of amino acids in the four organic cation transporters (SLC22A1, SLC22A2, SLC22A4, and SLC22A5) revealed conservation of 4 cysteines (Cys), 13 prolines (Pro), 3 aspartic acids (Asp), 6 glutamic acids (Glu), and 7 arginines (Arg). These residues are thought to maintain secondary structures of proteins and/or bind charged substrates (Burckhardt and Wolff 2000) . The two nonsynonymous SNPs in SLC22A1, Pro283Leu and Arg287Gly, involved conserved residues, suggesting that these polymorphisms could be associated with altered susceptibility to certain diseases.
All data for the genetic variations reported here are available through our website (http://snp.ims.utokyo.ac.jp/). 
